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SPECIFICATION 



CUBIC BORON NITRIDE SINTERED BODY 

Technical Field 
[0001] 

The present invention relates to a sintered body containing 
cubic boron nitride (cBN) (hereinafter, referred to as cBN 
sintered body) . In particular, it relates to a cubic boron 
nitride sintered body that is suitably used as a cutting tool 
material that is superior in chipping resistance and wear 
resistance . 
Background Art 
[00 02] 

Cubic boron nitride (cBN) has such characteristics as 
hardness and heat conductivity that are next to diamond, and 
a low reactivity with iron-based metals in comparison with 
diamond. Because of the advantages in improving efficiency of 
processing, cBN sintered bodies containing cBN particles has 
come to take the place of conventional tools made of cemented 
carbide and cermet for cutting iron-based hard-to-cut materials . 
[0003] 

Conventionally, as described in Patent Document 1, a cBN 
sintered body, formed by sintering cBN particles through a 
Ti-ceramic based bonding material, has been known. This 
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sintered body, which has a comparatively low content of cBN 
particles, has a structure in which the cBN particles are sintered 
in a manner so as to be enclosed by the bonding material. 
Therefore, the mutual contact portions between the cBN particles 
are small. In contrast, another sintered body in which the 
content of cBN particles in the sintered body is increased so 
as to exert the features of the cBN, that is, high hardness and 
high heat conductivity, to the maximum degree has been known. 
[0004] 

Patent Document 2 relates to a cBN sintered body in which 
the ratio of cBN particles is increased to provide a skeleton 
structure that allows the mutual cBN particles to be made in 
contact and reacted with each other . Patent Document 2 discloses 
the cBN sintered body formed by allowing cBN particles to react 
with each other and be bonded to each other with an Al-based 
alloy serving as a catalyst . This Patent Document also discloses 
a method in which, by using an Al alloy of Ni, Co, Mn, Fe, V 
or Cr as the bonding catalyst, the cBN particles are reacted 
with each other, while the Al alloy is reacted with the cBN 
particles, so that a sintered body is produced . Moreover, Patent 
Document 3 discloses a manufacturing method which provides a 
sintered body that has a greater content of cBN in the same manner 
as that of Patent Document 2, and is adjusted in the composition 
of the Al-based alloy to improve the sintering property so that 
the cBN sintered body can be obtained under a comparatively low 
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pressure . 
[0005] 

Furthermore, Patent Document 4 discloses a sintered body 
that is obtained by sintering only cBN particles and Al . Since, 
upon sintering, cBN and Al are allowed to react with each other 
to form aluminum nitride and aluminum diboride, this sintered 
body is made from cBN and the aluminum compound. The cBN in 
the sintered body has a skeleton structure in which the cBN 
particles are bonded to each other. 
[0006] 

Patent Document 1: Japanese Patent Application Laid-Open No. 
53-77811 

Patent Document 2: Japanese Examined Patent Publication No. 
52-43846 

Patent Document 3: Japanese Examined Patent Publication No. 
57-59228 

Patent Document 4: Japanese Examined Patent Publication No. 
63-20792 

DISCLOSURE OF THE INVENTION 
Problems to be Solved by the Invention 
[0007] 

In order to obtain a sintered body having a high content 
of cBN and a skeleton structure, it is necessary to carry out 
a sintering by making the cBN particles in contact with each 
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other so as to allow the cBN particles to react with each other. 
However, even in the case when a conventional catalyst is used, 
since the cBN particles are stable under high-temperature and 
high-pressure conditions, the cBN particles hardly react with 
each other, with the result that defects remain at reaction 
portions between the cBN particles or unreacted portions that 
are only made in contact with each other tend to remain. For 
this reason, when such a cBN sintered body is used as a cutting 
tool, chipping and wear due to coming off of the cBN particles 
tend to develop from the reaction defective portions between 
the cBN particles or the unreacted portions. 
[0008] 

As a result, in the case of the cBN sintered body in which 
cBN particles having a high content of cBN are mutually joined 
into a skeleton structure, it is not possible to provide a 
sufficient tool life. The objective of the present invention 
is to solve the above-mentioned problems and to provide a 
high-hardness sintered body with a high cBN content, which are 
superior in both of chipping resistance and wear resistance. 
Means to Solve the Problems 
[0009] 

The inventors of the present invention have studied the 
bonding mechanism between mutual cBN particles in a cBN sintered 
body in which cBN particles mutually form a skeleton structure. 
As a result, they have found that the content of a catalyst 
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component remaining in the cBN particles gives great effects 
to the bonding force between the mutual cBN particles and defects 
in reaction portions , and have completed the present invention. 
[0010] 

The present invention, which relates to a sintered body in 
which cBN particles are mutually made in contact with each other, 
increases the cBN content to exert the cBN property effectively 
so that reaction defective portions and unreacted portions 
between the cBN particles can be reduced . With this arrangement, 
when the resulting sintered body is used as tools, chipping and 
wear can be prevented, and after various research efforts, the 
present invention is obtained. 
[0011] 

In accordance with a first aspect of the present invention, 
a cubic boron nitride (cBN) sintered body, which contains cubic 
boron nitride particles and a bonding material used for bonding 
the cBN particles to one another, is provided with : cBN particles 
contained in a range from 70 vol% to 98 vol%; and a residual 
bonding material constituted by a Co compound, an Al compound 
and WC and a solid solution of these, and in this structure, 
the cBN particles in the sintered body contain 0.03 wt% or less 
of Mg and 0.001 wt% or more to 0.05 wt% or less of Li. 
[0012] 

It has been found that , when the cBN content in the cBN sintered 
body is set in a range from 70 vol% to 98 vol%, the contact and 
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bonding areas between the cBN particles increase. This 
limitation in the cBN content is effective in reducing reaction 
defective portions and unreacted portions between cBN particles 
in the cBN sintered body. This is because in the case of the 
cBN content of less than 70 vol%, the contact area between mutual 
cBN particles becomes relatively smaller, making it difficult 
to form a skeleton structure and failing to obtain effects. 
Moreover, in the case of the cBN content exceeding 98 vol%, voids 
appear in the residual bonding material portion other than the 
cBN particles in the cBN sintered body, with the result that 
the strength of the sintered body is lowered on the contrary. 
[0013] 

Moreover, it has been found that it is effective to form 
the residual bonding material in the cBN sintered body by using 
a Co compound, an Al compound and WC and a solid solution of 
these. Both of the Al and Co having a catalyst function need 
to be contained in the sintered body, and with this arrangement, 
the neck growth between the cBN particles can be accelerated. 
By using these metal, alloy or intermetallic compound as starting 
materials, a liquid-phase sintering process is carried out to 
join the cBN particles to one another so that the cBN particles 
are formed into a skeleton structure. Here, WC is considered 
to be effective so as to make the coefficient of thermal expansion 
of the bonding material closer to the coefficient of thermal 
expansion of the cBN, and the content thereof in the sintered 
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body is preferably set in a range of 0 . 5 wt% to 5 wt% . Consequently, 
the sintered body thus obtained can be used as a cutting tool. 
[0014] 

It has been found that it is preferable to allow the cBN 
particles in the cBN sintered body to contain 0.03 wt% or less 
of Mg and 0.001 wt% or more to 0.05 wt% or less of Li. This 
is because, in addition to the effect of addition of the 
above-mentioned Al, Co and WC, a slight amount of Li remaining 
in the cBN particles functions as a catalyst at contact portions 
of the cBN particles. In other words, Li makes it possible to 
reduce reaction defective portions and unreacted portions 
between the cBN particles so that the cBN particles are firmly 
bonded (neck growth) to one another. Here, Li is present in 
the cBN particles as metal Li and Li2C>3, and each of these has 
a lowmelting point, and is allowed to again function as a catalyst 
upon sintering. For this reason, upon sintering, Li is allowed 
to react with B and N located on the periphery thereof to form 
a catalyst such as Li3BN2 so that the neck growth between the 
cBN particles is accelerated . In the case when Li is insufficient 
in the cBN particles , the catalyst function becomes insufficient, 
remaining defects in the bonding portions between the cBN 
particles . In contrast, in the case when Li is excessive, metal 
Li or Li2C>3 itself forms a defect, and since the heat resistance 
of Li is inferior in comparison with cBN, the strength of the 
cBN sintered body is lowered. 

7 



Substitute Specification 
(Clean Copy) 



[0015] 

In contrast, Mg, which easily forms an oxide, is mainly 
present as MgO in the cBN particles, and since MgO has a high 
melting point, this is not allowed to again function as a catalyst 
upon sintering . For this reason, in the case when Mg is excessive 
in the cBN particles, since MgO having no catalytic function 
is contained in the cBN particles as an impurity, the strength 
of the sintered body is lowered. In conventional cBN sintered 
bodies, cBN particles that contain much Mg element and are 
inexpensive, and easily broken have been considered to be good 
particles. Based upon the common sense that a sintered body 
made from fine particles has high strength, cBN particles, which 
are finely ground easily, have been used. It can be said that 
the present invention overthrows the conventional common sense 
in that the content of Mg is limited to a small amount. 
[0016] 

As described above, by setting the content of Mg in the cBN 
to 0.03 wt% or less and the content of Li to 0.001 wt% or more 
to 0.05 wt% or less, the catalytic function of Li is sufficiently 
exerted so that defects in the bonding portions of the cBN 
particles are reduced and the strength of the cBN sintered body 
is greatly improved. At the same time, since the cBN particles 
have a high heat conductivity, the rate at which the cBN particles 
are mutually bonded to one another continuously increases so 
that the heat conductivity of the cBN sintered body is improved 
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and the wear resistance is also improved greatly. 
[0017] 

In accordance with a second aspect of the present invention, 
a cubic boron nitride (cBN) sintered body, which contains cubic 
boron nitride particles and a bonding material used for bonding 
the cBN particles to one another, is provided with : cBN particles 
in a range from 70 vol% or more to 98 vol% or less; and a residual 
bonding material constituted by an Al compound, and in this 
structure, the cBN particles in the sintered body contain 0.03 
wt% or less of Mg and 0.001 wt% or more to 0.05 wt% or less of 
Li. 

[0018] 

It has been found that it is effective to prepare the residual 
bonding material in the cBN sintered body as an Al compound. 
When Al or an Al alloy and cBN particles are sintered as starting 
materials, the Al or the Al compound forms a liquid phase, and 
reacts with the cBN particles to form an Al compound. Here, 
Al also exerts a catalytic function for bonding the cBN particles 
to one another, and effectively functions to form a skeleton 
structure of the cBN particles. The resulting sintered body 
thus obtained can be used as a cutting tool. Here, the effects 
of Li and Mg are the same as those described in the first aspect 
of the invention. 
[0019] 

Preferably, the cBN particles in the sintered body contain 
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0.001 wt% or more to 0 . 3 wt% or less in total of at least one 
or more elements selected from the group consisting of Ca, Sr, 
Ba and Be. This is because each of Ca, Sr, Ba and Be also serves 
as a catalyst at the contact portions and bonding portions of 
the cBN particles in the same manner as Li. In the case when 
the content of these elements is less than 0.001 wt% , the catalytic 
function becomes insufficient, and in the case when the content 
exceeds 0.3 wt%, since these elements themselves form defects, 
and since the heat resistance of the elements becomes inferior 
in comparison with cBN, the strength and heat resistance of the 
cBN sintered body is lowered. 
[0020] 

Preferably, the cBN particles in the sintered body contain 
0.001 wt% or more to 0 . 5 wt% or less in total of at least one 
or more elements selected from the group consisting of Si, Ga 
and La. The inventors of the present invention have found that 
the addition of one or more elements selected from the group 
consisting of Si, Ga and La makes it possible to accelerate the 
catalytic function by Li and the like so that defects at the 
bonding portions between the cBN particles are effectively 
reduced and the neck growth between the cBN particles is firmly 
formed . When the content of these elements is 0.001 wt% or more, 
the neck growth widely takes place. However, when the content 
of these elements exceeds 0.5 wt%, these elements themselves 
form defects, and since the heat resistance of the elements is 
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inferior in comparison with cBN, the strength and heat resistance 

of the cBN sintered body is lowered. 

[0021] 

Preferably, the cBN particles in the sintered body contain 
0.01 wt% or less of Mg and 0.01 % or more to 0.03 wt% or less 
of Li . This composition makes it possible to further accelerate 
bonding between the cBN particles, and consequently to further 
improve the chipping resistance and crater wear resistance of 
the sintered body. 
[0022] 

Preferably, the sintered body contains 0.001 wt% or more 
to 1.5 wt% or less in the sintered body in total of at least 
one or more elements selected from the group consisting of Ti, 
V, Cr, Zr, Nb, Mo, Ta, Hf, Fe, Ni, Cu and Si (additive bonding 
materials) . The addition of these elements to the sintered body 
makes it possible to improve both of the wear resistance and 
chipping resistance. 
[0023] 

The sintered body of the present invention may contain 
inevitable impurities . During processes manufacturing the cBN 
sintered body, for example, cemented carbide balls, a cemented 
carbide container and the like are used. Consequently, elements 
and compounds contained in the cemented carbide tend to be mixed 
in the cBN sintered body as inevitable impurities. 
Effects of the Invention 
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[0024] 

The sintered body of the present invention has a structure 
in which cBN particles are directly bonded without defects in 
the bonding portions between the cBN particles, and consequently 
makes it possible to provide a high heat conductivity . Therefore , 
when the sintered body is utilized as a cutting tool and the 
like, heat is diffused toward the periphery to prevent the tool 
blade tip from a temperature rise so that it becomes possible 
to provide a tool having superior wear resistance and chipping 
resistance. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0025] 

Examples of the present invention are described below. 
Example 1 
[0026] 

A cBN powder having an average particle size of 2 jam and 
a bonding material powder were prepared. This bonding material 
powder was formed by mixing 50 wt% of Co, 40 wt% of Al and 10 
wt% of WC . The bonding material powder and the cBN powder having 
an average particle size of 2 jam were mixed by using a pot made 
of cemented carbide alloy together with balls. The resulting 
powder was charged into a container made of cemented carbide, 
and sintered at 14 00 °C under a pressure of 6.0 GPa for 30 minutes . 
[0027] 
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Table 1 shows various cBN sintered bodies that were prepared 
by changing the kind of cBN powder and the ratio of the cBN powder 
and the bonding material powder. The content of the cBN powder 
and the amount of a catalyst element were measured by using the 
following method: First, in order to measure the contents of 
elements in the cBN sintered body, after the sintered body had 
been dissolved by using a molten salt method, the respective 
elements were quantitatively measured by using an Inductively 
Coupled Plasma Atomic Emission Spectroscopy (ICP method) . 
Based upon the results of the measurements, the content of cBN 
particles in the cBN sintered body was calculated in volume %. 
Here, the calculation of the content was carried out on the 
assumption that Co, Al and the like that were compositions other 
than cBN and WC were included as metals as they were. 
[0028] 
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[Table 1] 



Sample 
No. 


CDlN 

Content 


Catalyst Element Content 


\ vo_Luiue 


Li 


Mg 

/ T.TO -i rrVi +- ft ^ 
^ wciyiiL 15 y 


Others (weight %) 


1* 


65* 


0 . 021 


0 . 007 




2 


75 


0 . 022 


0.006 




3 


85 


0 . 021 


0 . 007 




4 


90 


0 . 020 


0 . 007 




5 


95 


0.019 


0 . 008 




6* 


99* 


0 . 020 


0 . 007 




7* 


90 


* 


0 . 007 




8 


90 


0.006 


0 . 007 




9 


90 


0 . 013 


0 . 008 




10 


90 


0.041 


0 . 007 




11* 


90 


0 . 062* 


0.006 




12 


90 


0.020 


0 . 002 




13 


90 


0.020 


0.015 




14* 


90 


0.022 


0.040* 




15 


90 


0.021 


0 . 007 


Ca • 0 05 


16 


90 


0.020 


0 . 007 


Ca ; 0.1 


17 


90 


0.021 


0 . 008 


Ca ; 0.4 


18 


90 


0 . 02 1 


0 . 007 


Sr; 0 05 


19 


90 


0 . 020 


0 . 007 


Ba; 0.03 


20 


90 


0.020 


0.007 


Ca; 0.1, Sr; 0.08 


21 


90 


0.019 


0.007 


Ca; 0.1, Be; 0.05 


22 


90 


0.021 


0.007 


Ca; 0.2, Sr; 0.2 


23 


90 


0.021 


0.007 


Ca; 0.06, Si; 0.12 


24 


90 


0.020 


0.007 


Ca; 0.07, Si; 0.40 


25 


90 


0.020 


0.008 


Ca; 0.07, Si; 0.61 


26 


90 


0.020 


0.008 


Ca; 0.09, Sr; 0.07, Si; 0.10 


27 


90 


0.020 


0.007 


Ca; 0.06, Ga; 0.10 


28 


90 


0.021 


0.006 


Ca; 0.07, La; 0.09 



* : derived from Comparative Example 



[0029] 

Moreover, the cBN sintered body was treated in a tightly 
closed container with a mixed solution of hydrofluoric acid and 
nitric acid prepared by mixing 40 ml of a diluent obtained by 
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doubly-diluting nitric acid having a concentration of 60% or 
more to less than 65% and 10 ml of hydrofluoric acid having a 
concentration of 45% to 50% at a temperature of 120°C or more 
to less than 150°C for 48 hours. All the bonding phase was 
dissolved in the mixed solution between hydrofluoric acid and 
nitric acid with the cBN skeleton structure remaining without 
being dissolved. Elements of Mg, Li, Ca, Sr, Ba, Be, Si, Ga 
and La, contained in this cBN skeleton structure, were 
quantitatively measured by the Inductively Coupled Plasma Atomic 
Emission Spectroscopy (ICP method) . 
[0030] 

Next, the cutting performance of each cBN sintered body that 
had a backing of cemented carbide was evaluated . The cBN sintered 
body was machined to obtain cutting chips having a shape of 
SNGA120408 in accordance with the ISO standard. Next, cutting 
tests were carried out by using these cutting chips under the 
following conditions so that the amount of flank wear was 
evaluated. 

Workpiece material: ductile cast iron, FCD450 round bar, 
outer diameter machining 

Cutting conditions: cutting speed V = 400 m/min., depth of 
cut d = 0.2 mm, feed f = 0.2 mm/rev., wet type 

Cutting time: 10 minutes 

Table 2 shows the results of evaluation. 
[0031] 
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[Table 2] 



S amn 1 e 
No. 


Example 1 


Example 2 


Example 3 


Amount of 
Flank Wear 
(mm) 


Number of Heat 
checks (number) 


nedL 

Conductivity 
W/ (m-K) 


Time Span Up to 
Chipping (min) 


1* 


0.222 




60 


2 


2 


0.123 


5 


130 


12 


3 


0.113 


4 


14 0 


13 


4 


0.106 


4 


160 


13 


5 


0.103 


9 




15 


6* 


chipped 




ro 


1 


7* 


0.21 


28 




4 


8 


0.145 


8 


-L M \J 


10 


9 


0.135 


5 


150 


12 


10 


0.137 


q 


i 


11 


11* 


0.282. 


9 n 


on 


5 


12 


0.099 


o 


1 7fl 


14 


13 


0. 147 


q 


i 9 n 


10 


14* 


0.361 




ft n 

o u 


5 


15 


0.094 


o 


i 7 n 


14 


16 


0.09 


none 


lOU 


15 


17 


0. 133 


R 

o 




13 


18 


0.098 




i £n 

lOU 


15 


19 


0.096 


1 


160 


15 


20 


0.092 


2 


160 


14 


21 


0.092 


none 


170 


17 


22 


0. 129 


6 


140 


13 


23 


. 0.087 


none 


180 


17 


24 


0.09 


none 


190 


18 


25 


0.108 


5 


150 


13 


26 


0.086 


none 


200 


16 


27 


0.085 


none 


190 


16 


28 


0.088 


none 


190 


17 



* : derived from Comparative Example 



[0032] 

Upon comparing samples 1 to 6 with one another, it was found 
that sample 1 having a cBN content of less than 7 0 vol% had a 
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great amount of flank wear and was inferior in wear resistance 
in comparison with samples 2 to 5 that were manufactured based 
upon the scope of the present invention. This is because the 
cBN content was so small that the cBN particles failed to mutually 
form a skeleton structure, resulting in coming off of cBN 
particles upon cutting. Moreover, sample 6 in which the cBN 
content exceeded 98 vol% had chipping. This is because the 
bonding material compositions were small so that many defects 
were contained in the sintered body and because the neck growth 
between the mutual cBN particles , exerted by the bonding material 
compositions, was not sufficiently accelerated. 
[0033] 

Samples 4, 7, 11 and 14 were compared with one another, and 
the following facts were found. In comparison with sample 4 
formed based upon the present invention, sample 7 from which 
no Li had been detected was inferior in wear resistance . This 
is presumably because, since the mutual reaction between cBN 
particles due to the catalyst effect only by Co, Al and the like 
that are additive bonding materials causes remaining unreacted 
portions and reaction defective portions, coming of f of particles 
occurs from these portions to make the amount of wear greater. 
Moreover, samples 11 and 14, which have greater amounts of Li 
and Mg than the scope of the present invention, are also inferior 
in wear resistance in comparison with sample 4 . This is 
presumably because, since excessive Li and Mg in cBN particles 
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cause chipping, coming off of particles occurs upon cutting, 

resulting in degradation in wear resistance. 

[0034] 

Based upon comparisons among samples 4, 7 , 8, 9 and 10 that 
have an amount of Mg of less than 0.01 wt%, it is found that, 
when the Li content in cBN particles is from 0.01 wt% or more 
to 0.03 wt% or less, the resulting samples are superior in wear 
resistance. Based upon comparisons among samples 4, 13 and 14 
in which Li is 0.01 wt% or more to 0.03 wt% or less, it is found 
that, when the Mg content in cBN particles is 0.01 wt% or less, 
the resulting samples are superior in wear resistance. 
[0035] 

Based upon comparisons between sample 4 and samples 15 to 
22, it is found that, in comparison with sample 4 containing 
none of Ca, Sr, Ba and Be in cBN particles, samples 15, 16, 18 
to 21, which contain 0.001 wt% or more to 0.3 wt% or less in 
total of at least one kind of elements, Ca, Sr, Ba and Be in 
cBN particles , are superior in wear resistance . Moreover, based 
upon samples 17 and 22, it is found that excessive amounts of 
Ca and Sr fail to provide an effect for improving the wear 
resistance. 
[0036] 

Based upon comparisons between sample 4 and samples 23 to 
28, it is found that, in comparison with sample 4 containing 
none of Si, Ga and La in cBN particles, samples 23, 24 and 26 

18 



Substitute Specification 
(Clean Copy) 



to 28, which contain 0.001 wt% or more to 0.5 wt% or less in 
total of at least one kind of elements, Si, Ga and La in cBN 
particles, are superior in wear resistance. Moreover, based 
upon sample 25, it is found that an excessive amount of Si fails 
to provide an effect for improving the wear resistance. 
Example 2 
[0037] 

The sintered body, manufactured in Example 1, were evaluated 
on heat check and heat conductivity. The heat conductivity was 
measured by using a laser flash method or an AC calorimetric 
method. Moreover, each of the cBN sintered bodies was machined 
to obtain a cutting chip having a shape of SNGA090312 in accordance 
with the ISO standard. Next, cutting tests were carried out 
by using these chips under the following conditions so that the 
number of heat checks was counted, and these chips were evaluated . 

Workpiece material: gray iron, FC250, milling 

Cutting conditions: cutting speed V = 2500 m/min., depth 
of cut Rd = 30 mm, Ad = 0 . 3 mm 

Feed f = 0.2 mm/blade, dry type, cutting time: 3 0 minutes 

Table 2 shows the results of evaluation. 
[0038] 

Upon comparing samples 1 to 6 with one another, it was found 
that sample 1 having a cBN content of less than 70 vol% had chipping 
considered to be caused by heat checks, and no evaluation on 
the number of heat checks was obtained; however, samples 2 to 
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5, formed based upon the scope of the present invention, had 
no chipping although 2 to 5 cracks appeared. This is because 
the cBN content of sample 1 out of the scope of the present 
invention was so small that the cBN particles having superior 
heat characteristics failed tomutually forma skeleton structure 
to cause a reduction in heat conductivity and the subsequent 
degradation in heat resistance. Moreover, sample 6 in which 
the cBN content exceeded 98 vol% also had chipping. This is 
because the bonding material compositions were small with the 
result that many defects were contained in the sintered body. 
Consequently, the neck growth between the mutual cBN particles, 
exerted by the bonding material compositions, was not 
sufficiently accelerated to cause insufficient toughness. 
[0039], 

Samples 4, 7, 11 and 14 were compared with one another, and 
the following facts were found. In comparison with sample 4 
formed based upon the scope of the present invention, sample 
7 from which no Li had been detected had a more number of heat 
checks. This is presumably because, since the mutual reaction 
between cBN particles due to the catalyst effect only by additive 
bonding materials causes remaining unreacted portions and 
reaction defective portions, the heat conductivity of the cBN 
sintered body becomes lower to consequently cause degradation 
in heat resistance. Moreover, samples 11 and 14, which have 
greater amounts of Li andMg than the scope of the present invention, 
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also have a more number of heat checks. This is presumably 
because, since excessive Li and Mg in cBN particles are contained 
in the cBN skeleton structure, the excessive portions become 
impurities in the cBN skeleton structure having a high heat 
conductivity to cause a low heat conductivity in the cBN sintered 
body and the subsequent degradation in heat resistance. 
[0040] 

Based upon comparisons among samples 4, 7, 8, 9 and 10 that 
have an amount of Mg of less than 0.01 wt%, it is found that, 
when the Li content in cBN particles is from 0.01 wt% or more 
to 0.03 wt% or less, the resulting samples have a smaller number 
of heat checks and become superior in heat resistance. Based 
upon comparisons among samples 4, 13 and 14 in which Li is 0.01 
wt% or more to 0.03 wt% or less, it is found that, when the Mg 
content in cBN particles is 0.01wt%orless, the resulting samples 
have a smaller number of heat checks and become superior in wear 
resistance. 
[0041] 

Based upon comparisons between sample 4 and samples 15 to 
22, it is found that, in comparison with sample 4 containing 
none of Ca, Sr, Ba and Be in cBN particles, samples 15, 16, 18 
to 21, which contain 0.001 wt% or more to 0.3 wt% or less in 
total of at least one kind of elements, Ca, Sr, Ba and Be, have 
a smaller number of heat checks and become superior in heat 
resistance. Moreover, based upon samples 17 and 22, it is found 
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that excessive amounts of Ca and Sr fail to provide an effect 

for improving the heat resistance. 

[0042] 

Based upon comparisons between sample 4 and samples 23 to 
28, it is found that, in comparison with sample 4 containing 
none of Si, Ga, and La in cBN particles, samples 23, 24 and 26. 
to 28, which contain 0.001 wt% or more to 0.5 wt% or less in 
total of at least one kind of elements, Si, Ga and La, are less 
susceptible to heat checks, and superior in heat resistance. 
Moreover, based upon samples 25, it is found that an excessive 
amount of Si fails to provide an effect for improving the heat 
resistance . 
Example 3 
[0043] 

The sintered body, manufactured in Example 1, were used to 
evaluate chipping resistance. First, each of the cBN sintered 
bodies was machined to obtain a cutting chip having a shape of 
SNGA120408 in accordance with the ISO standard. Next, cutting 
tests were carried out by using these chips under the following 
conditions so that the span of time up to chipping was measured, 
and evaluated. 

Workpiece material: gray iron, FC300, six round bars with 
V-shaped groove, outer diameter machining 

Cutting conditions: cutting speed V = 700 m/min., depth of 
cut d = 0 . 5 mm 

22 
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Feed f = 0.2 ram/rev., dry type 
Table 2 shows the results of evaluation. 
[0044] 

Upon comparing samples 1 to 6 with one another, it was found 
that sample 1 having a cBN content of less than 70 vol% caused 
chipping in the initial stage of cutting, and its tool life against 
chipping was 1/6 to 1/8 of that of samples 2 to 5 manufactured 
based upon the scope of the present invention. This is because 
the cBN content of the sample 1 out of the scope of the present 
invention was so small that the cBN particles failed to mutually 
form a skeleton structure to cause a reduction in toughness in 
the sintered body. Moreover, sample. 6 in which the cBN content 
exceeded 98 vol% also had chipping in the initial stage of cutting . 
This is because the bonding material compositions were small 
so that many defects were contained in the sintered body and 
because the neck growth between the mutual cBN particles , exerted 
by the bonding material compositions, was not sufficiently 
accelerated to cause insufficient toughness. 
[0045] 

Samples 4, 7, 11 and 14 were compared with one another, and 
the following facts were found. In comparison with sample 4 
formed based upon the present invention, sample 7 from which 
no Li had been detected had a time span up to chipping of 1/3 
to indicate a short tool life . This is presumably because, since 
the mutual reaction between cBN particles due to the catalyst 
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effect only by additive bonding materials causes remaining 
unreacted portions and reaction defective portions, the 
resulting material has insufficient toughness. Moreover, 
samples 11 and 14, which have greater amounts of Li and Mg than 
the scope of the present invention, also have a shorter time 
span up to chipping in comparison with sample 4 manufactured 
based upon the scope of the present invention . This is presumably 
because, since excessive Li and Mg in cBN particles cause defects 
in the cBN skeleton, chipping occurs from these defects upon 
cutting . 
[0046] 

Based upon comparisons among samples 4, 7,8, 9 and 10 that 
have an amount of Mg of less than 0.01 wt%, it is found that, 
when the Li content in cBN particles is from 0.01 wt% or more 
to 0.03 wt% or less, the resulting samples have a longer time 
span up to chipping, and are superior in chipping resistance. 
Based upon comparisons among samples 4, 13 and 14 in which Li 
is 0.01 wt% or more to 0.03 wt% or less, it is found that, when 
the Mg content in cBN particles is 0.01 wt% or less, the resulting 
samples have a longer time span up to chipping, and are superior 
in chipping resistance. 
[0047] 

Based upon comparisons between sample 4 and samples 15 to 
22, it is found that, in comparison with sample 4 containing 
none of Ca, Sr, Ba and Be in cBN particles, samples 15, 16, 18 
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to 21, which contain 0.001 wt% or more to 0.3 wt% or less in 
total of at least one kind of elements, Ca, Sr, Ba and Be, have 
a longer time span up to chipping, and are superior in chipping 
resistance. Moreover, based upon samples 17 and 22, it is found 
that excessive amounts of Ca and Sr fail to provide, an effect 
for improving the chipping resistance. 
[0048] 

Based upon comparisons between sample 4 and samples 23 to 
28, it is found that, in comparison with sample 4 containing 
none of Si, Ga and La in cBN particles, samples 23, 24 and 26 
to 28, which contain 0.001 wt% or more to 0.5 wt% or less in 
total of at least one kind of elements, Si, Ga and La, are superior 
in chipping resistance. Moreover, based upon samples 25, it 
is found that an excessive amount of Si fails to provide an effect 
for improving the chipping resistance. 
Example 4 
[0049] 

The sintered body, manufactured in Example 1, were used to 
evaluate transverse rupture strength. First, each of samples 
Nos . 4, 7, 11 and 14 were measured in their transverse rupture 
strength . Each of the samples was cut into measuring test pieces 
with a length of 6 mm, a width of 3 mm and a thickness in a range 
from 0.4 to 0.45 mm. The measurements were carried out with 
a span of 4 mm. The resulting values were 22 4 kgf /mm 2 , 17 0 kgf /mm 2 , 
182 kgf /mm 2 and 175 kgf /mm 2 in the order of the above-mentioned 
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sample Nos . 
[0050] 

Samples 4, 7, 11 and 14 were compared with one another , and 
the following facts were found. In comparison with sample 4* 
formed based upon the present invention, sample 7 from which 
no Li had been detected had a low transverse rupture strength. 
This is presumably because, since the mutual reaction between 
cBN particles due to the catalyst effect only by additive bonding 
materials causes remaining unreacted portions and reaction 
defective portions, rupturess in the sintered body occur from 
these portions . Moreover, samples 11 and 14, which have greater 
amounts of Li and Mg than the scope of the present invention, 
also have a reduction in the transverse rupture strength. This 
is presumably because, since excessive Li and Mg in cBN particles 
cause defects, with the result that rupturess in the sintered 
body occur from these portions. 
Example 5 
[0051] 

In this Example, the wear resistance of the present invention 
was evaluated. A cBN powder having an average particle size 
of 10 was charged into a Mo container, and sintered at 1400°C 
under a pressure of 6.0 GPa for 30 minutes, with Al being 
infiltrated therein . With respect to the resulting cBN sintered 
bodies, by using the same method as Example 1, the content of 
the cBN particles was measured in vol%. Moreover, the binder 
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phase of the cBN sintered body was dissolved in the same method 
as Example 1, and the elements, contained in the residual cBN 
skeleton structure, were quantitatively measured . The results 
of measurements on the elements found from this sintered body 
were virtually the same as those contents of elements contained 
in the material cBN particles prior to the sintering process. 
Table 3 shows the cBN content of each of the sintered bodies 
thus obtained and the amount of each of catalyst elements in 



cBN powder. 
[0052] 
[Table 3] 



Sample 
No. 


cBN Content 
(volume %) 


Content after Hydrofluoric 
Acid Treatment on Sintered 
Body 


Amount of Flank 
Wear (mm) 


Li (weight %) 


Mg (weight %) 


29 


88 


0.020 


0.007 


0.185 


30 


88 




0.070 


0.336 


31 


88 


0.066 


0.080 


0.295 


32 


88 


0.021 


0.050 


0.302 


33 


88 


0.021 


0.030 


0.200 


34 


88 


0.05 


0.007 


0. 190 


35 


88 


0.05 


0.03 


0.220 


36 


88 


0.06 


0.03 


0.270 


37 


88 


0.05 


0.04 


0.270 



[0053] 

The resulting cBN sintered body was machined to obtain a 
cutting chip having a shape of SNGA120408 in accordance with 
the ISO standard. Next, cutting tests were carried out by using 
these chips under the following conditions so that the amount 
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of flank wear was evaluated. 

Workpiece material: ductile cast iron, FCD450 round bar, 
outer diameter machining 

Cutting conditions: cutting speed V - 300 m/min., depth of 
cut d = 0.3 mm 

Feed f = 0.2 mm/rev., wet type 

Cutting time: 15 minutes 

Table 3 shows the results of evaluation. 
[0054] 

The results of comparisons on samples 29 to 37 show that 
in comparison with samples 29, 33, 34, and 35 formed based upon 
the scope of the present invention, sample 30 from which no Li 
had been detected was inferior in wear resistance. This is 
presumably because, since the mutual reaction between cBN 
particles due to the catalyst effect only by additive bonding 
materials causes remaining unreacted portions and reaction 
defective portions, coming off of particles occurs from these 
portions upon cutting to cause an increase in the amount of wear. 
Moreover, samples 31, 32, 36, and 37, which have greater amounts 
of Li and Mg than the scope of the present invention, also cause 
degradation in the wear resistance . This is presumably because, 
since excessive Li and Mg in cBN particles cause defects, coming 
off of particles occur upon cutting, resulting in degradation 
in the wear resistance. 
Example 6 
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[0055] 

In the same manner as Example 1 , a cBN powder having an average 
particle size of 2 jam, a bonding material powder and an additive 
bonding material powder having a particle size of 1 pm or less 
were prepared. The bonding material powder was composed of 50 
wt% of Co, 40 wt% of Al and 10 wt% of WC in the same manner as 
Example 1. Each of the additive bonding material powders was 
prepared by mixing one kind or more element powders selected 
from the group consisting of Ti, V, Cr, Zr, Nb, Mo, Ta, Hf , Fe, 
Ni, Cu and Si at an amount in the sintered body in total as shown 
in Table 4. Next, the cBN powder, the bonding material powder 
and each of the additive bonding material powders were mixed. 
This mixed powder was further mixed by using a pot made of cemented 
carbide together with balls. The resulting mixed powder was 
sintered at 1400°C under a pressure of 6.0 GPa for 30 minutes 
in the same manner as the Examples. 
[0056] 

The content of the cBN powder and the amount of a catalyst 
element were measured by using the following method: First, 
in order to measure the contents of elements in the cBN sintered 
body, after the sintered body had been dissolved by using a molten 
salt method, the respective elements were quantitatively 
measured by using an Inductively Coupled Plasma Atomic Emission 
Spectroscopy (ICP method) . Based upon the results of the 
measurements, the content of cBN particles in the cBN sintered 
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body was calculated in volume %. Here, the calculation of the 
content was carried out on the assumption that Ti, V, Cr, Zr, 
Nb, Mo, Ta, Hf , Fe, Ni, Cu, Si and the like that were compositions 
other than cBN and WC were included as metals as they were. 
[0057] 



[Table 4] 



Sample 
No . 


cBN Content 
(volume %) 


Catalyst Element Content 


Additive Bonding Material 
(weight % in Sintered Body) 


Li (weight %) 


Mg (weight %) 


38 


90 


0.020 


0.015 


none 


39 


90 


0.020 


0.015 


V: 0.0005 


40 


90 


0. 020 


0.015 


V: 0.001 


41 


90 


0.020 


0.015 


V : 0.01 


42 


90 


0.020 


0.015 


V : 0.1 


43 


90 


0.020 


0.015 


V: 1.0 


44 


90 


0.020 


0.015 


V: 1.5 


45 


90 


0.020 


0.015 


V: 2.0 


46 


90 


0.020 


0.015 


Ti: 1.0 


47 


90 


0. 020 


0.015 


Zr: 1.0 


48 


90 


0.020 


0.015 


Nb : 1.0 


49 


90 


0.020 


0.015 


Mo : 1.0 


50 


90 


0.020 


0.015 


Ta: 1.0 


51 


90 


0.020 


0.015 


Hf: 1.0 


52 


90 


0.020 


0.015 


Cr: 1.0 


53 


90 


0.020 


0.015 


Cu: 1.0 


54 


90 


0.020 


0.015 


Cu: 2.0 


55 


90 


0.020 


0.015 


Fe: 1.0 


56 


90 


0. 020 


0.015 


Ni: 1.0 


57 


90 


0.020 


0.015 


Si: 1.0 


58 


90 


0.020 


0.015 


V: 0.4, Ti: 0.3, Zr: 0.3 


59 


90 


0.020 


0.015 


V: 0.8, Ti: 0.6, Zr: 0.6 



[0058] 

Next, the cutting performance of each cBN sintered body had 
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a backing of cemented carbide was evaluated. The cBN sintered 
body was machined to obtain a cutting chip having a shape of 
SNGA120408 in accordance with the ISO standard. Next, cutting 
tests were carried out by using these chips under the following 
conditions so that the amount of flank wear was evaluated. 

Workpiece material: ductile cast iron; FCD450 round bar, 
outer diameter machining 

Cutting conditions: cutting speed V = 400 m/min., depth of 
cut d = 0.2 mm, Feed f = 0.2 mm/rev., wet type 

Cutting time: 10 minutes 

Table 5 shows the results of evaluation. 
[0059] 
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[Table 5] 



Sample No . 


Amount of Flank Wear 
(mm) 


Time Span Up to 
Chipping (min) 


38 


0.147 


10 


39 


0.150 


9 


40 


0.120 


15 


41 


0.115 


18 


42 


0.110 


20 


43 


0.105 


25 


44 


0.110 


21 


45 


0.165 


5 


46 


0.105 


24 


47 


0.106 


27 


48 


0.105 


24 


49 


0.105 


23 


50 


0.105 


22 


51 


0.106 


22 


52 


0.115 


15 


53 


0.105 


30 


54 


0. 170 


4 


55 


0. 115 


15 


56 


0.120 


12 


57 


0.118 


14 


58 


0.105 


25 


59 


0. 170 


4 



[0060] 

Comparisons on samples 38 to 59 indicate that when 0.001 
to 1 . 5 wt% of an additive bonding material is added to a sintered 
body in wt% in the sintered body, both of wear resistance and 
chipping resistance can be improved . This is presumably because 
by adding a slight amount of at least one or more elements selected 
from the group consisting of Ti, V, Cr, Zr, Nb, Mo, Ta, Hf , Fe, 
Ni, Cu and Si to a Co or Al-based metallic bonding material that 
has a function for forming a neck growth between mutual cBN 
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particles, the function for forming the neck growth is 
accelerated. However, as shown by samples 45, 54 and 59, when 
the additive bonding material exceeding 1.5 wt% in the sintered 
body in wt% is added thereto, the cutting performance drops 
abruptly so that it is assumed that the excessive amount of 
addition inhibits formation of the neck growth, on the contrary. 

INDUSTRIAL APPLICABILITY 

[0061] 

In the cBN sintered body of the present invention, since 
cBN particles are directly bonded to each other, a high heat 
conductivity is achieved. Therefore, the cubic boron nitride 
sintered body of the present invention is applied not only to 
cutting tools, but also to other applications requiring a high 
heat conductivity such as heat sinks. 
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